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Abstract — Transesterifications of waste oils mixed with animal tallows and vegetable oil by ultrasonic energy were
examined over various catalysts for biodiesel production. Reaction activities of the transesterification were evaluated to
the ultrasonic energy and thermal energy. The physicochemical properties of feedstock and products were also investi-
gated to the biodiesels produced from the oils in the reaction using ultrasonic energy. The highest fatty acid methyl ester
(FAME) yield was obtained on the potassium hydroxide catalyst in the transesterification by ultrasonic irradiation. The
effective reaction conditions by ultrasonic energy were 0.5 wt% catalyst loading and 6:1 molar ratio of methanol to the
mixed oils. The reaction rate of the transesterification by ultrasonic energy was faster than that by thermal energy. The
highest yields of FAME were obtained as 80% in 5 min and the reaction equilibrium reached at that time.
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Fig. 1. Schematic diagram of experimental apparatus.
1. Uultrasonic reactor 4. Water jacket
2. Ulrtrasonic probe 5. Water circulator with temperature controller
3. Ultrasonic generator
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Fig. 2. Yield of FAME with reaction time by transesterification using
ultrasonic irradiation from various waste oils on KOH cata-
lyst. Reaction conditions: MeOH/oil molar ratio=6, loading
amount of KOH catalyst=0.5 wt%.
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Fig. 3. Yield of FAME produced by transesterification using ultra-
sonic irradiation from various waste oils on NaOH catalyst.
Reaction time=5 min, MeOH/oil molar ratio=6.
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Fig. 4. Yield of FAME produced by transesterification using ultra-
sonic irradiation from various waste oils on CaO catalyst.
Reaction time=5 min, MeOH/oil molar ratio=6.
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Fig. 5. Yield of FAME produced by transesterification using ultrasonic
irradiation from various waste oils with different MeOH/oil
molar ratios on KOH catalyst.
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Fig. 6. Yield of FAME produced by transesterification using ultrasonic
irradiation from various waste oils with different injection
amount of KOH catalyst.
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Fig. 7. Yield of FAME produced by transesterification using ultra-
sonic irradiation from mixed oil of soybean oil and duck oil
on various catalysts. Reaction time=5 min.
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Fig. 8. Yield of FAME produced by transesterification using ultra-
sonic irradiation from mixed oil of soybean oil and beef tal-
low on various catalysts. Reaction time=5 min.
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Fig. 9. Yield of FAME produced by transesterification using ultra-
sonic irradiation from mixed oil of duck oil and beef tallow
on various catalysts. Reaction time=5 min.
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Table 1. Physicochemical properties of various feedstocks and their
products after transesterification using ultrasonic irradiation

Oils Density ~ Dynamic  Acid value
(g/cm?) density (mm?%s)(mg KOH/g)

Soybean oil (SO) 0.89 23.7 0.39

Duck oil (DO) 0.91 259 0.94
Feedstock

Beef'tallow (BT) 0.94 27.1 0.39

Mixed oil (SO+DO+BT) 091 243 0.65

Soybean oil (SO) 0.87 321 0.21

Duck oil (DO) 0.88 3.57 0.45
Product

Beef'tallow (BT) 0.88 3.04 0.23

Mixed oil (SO+DO+BT)  0.87 3.07 0.25
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